Objectives: The preferences for high-fat foods are believed to be based on their sensory attributes and energy density; however less is known about how such preferences might be weakened, other than in response to deterioration in¯avor or textural quality. The aim of the present study was to see whether acceptability of reduced fat/energy foods would wane as the original post-ingestive nutritional bene®ts are reduced when palatability remains essentially constant. Design: Repeated measures, within-subjects design conducted in two counterbalanced three week trials. Setting/Subjects: Sixteen normal-weight males (mean age 25.8 AE 1.2 y) came to our laboratory at the Ho Ãpital Ho Ãtel Dieu in Paris to eat an afternoon snack on 13 consecutive days (excluding weekends). Intervention/Outcome Measures: Intake was recorded following repeated exposure to two¯avors of standard (10% fat as a percentage of total solids weight), and low (3%) fat ice cream. One group received standard vanilla or low-fat strawberry ice cream on alternate days for two consecutive weeks; these¯avor associations were reversed for a second group. The two¯avors were rated as equipalatable at the beginning of the experiment at all energy levels. Results: Subjects consumed the same quantity of ice cream throughout the experimental period, independent of energy density or¯avor. Consequently, aggregate (summed) energy intake for subjects consuming low-fat ice cream was signi®cantly lower (by 581 kJ (139 kcal), 15.4 g fat). Food intake records for the 24 h period immediately following the test sessions revealed no compensation for fat or energy. Despite the 28% reduction in energy density for the low-fat version, acceptance for the¯avors associated with the reduced-energy versions had not declined by the end of the experimental period. Conclusions: The ®ndings suggest that acceptance of reduced-fat foods may not be critically dependent on the post-ingestive metabolic effects when the reductions in energy density are small. Further tests with more severe reductions, and perhaps over more prolonged time periods, will be necessary to determine at what level of substitution acceptance might begin to deteriorate. Sponsorship: Financed by a research grant from the Nutrition Health Service, Eridania Be Âghin-Say, Belgium.
Introduction
Despite the good intentions of increasingly weight-and health-conscious consumers in Western society, high-fat foods continue to be immensely popular and readily overeaten. While it is generally known that these foods are typically preferred for their positive hedonic properties (Mela, 1995) , the potential physiological (metabolic) factors underlying fat consumption and preference are less well understood. Studies in both humans and laboratory animals have shown that subjects can learn to unconsciously associate the sensory attributes of certain foods with their post-ingestive effects through repeated consumption. While such a learned preference for high-fat foods can involve sensory (`¯avor-¯avor' conditioning) (Sclafani, 1990; Warwick & Weingarten, 1994) , the link formed via the post-ingestive metabolic consequences (`¯avor-calorie' conditioning) (Booth, 1985; Mehiel & Bolles, 1988; Warwick & Schiffman, 1992; Kern et al, 1993 ) is believed to be relatively stronger as it is more intransigent to change (Fanselow & Birk, 1982) . According to Warwick & Schiffman (1992) , the preference for high-fat foods grows stronger with continued exposure, and some workers have proposed that biochemical reinforcement via central opioid activity may be involved (MarksKaufman & Kanareck, 1981; Drewnowski, 1992) . Even very young children can learn to prefer novel¯avors in foods that are relatively more energy dense, suggesting that preferences for dietary fat develop at an early age (Johnson et al, 1991; Kern et al, 1993) .
Overconsumption of high-fat foods has been linked to the increasing incidence of obesity (Tremblay et al, 1989; Astrup et al, 1997) . Reducing fat content in the diet can lead to weight loss under free-living conditions, even without placing other restrictions on food intake (Lissner et al, 1987; Kendall et al, 1991; Prewitt et al, 1991 ). Yet while health experts around the world have raised awareness that lowering fat intake can reduce the risk of atherogenesis, coronary heart disease, and certain forms of cancer (National Research Council, 1989; World Health Organization, 1990) , even highly-motivated, well-informed individuals ®nd it dif®cult to stick to a low-fat diet for an extended period of time. Dietary fat carries¯avor and odor components as well as conferring important textural properties (Mela, 1997) , but consumers do not need to see technical data from sensory scientists to be familiar with its positive contribution to food palatability (Drewnowski et al, 1998) .
Manufacturers would like consumers to believe that incorporating foods produced with low-or zero-calorie fat substitutes into the diet is an effective and lasting strategy to reduce fat and energy intake, but strong, conclusive evidence is currently lacking. At this point, certain commerciallyproduced, fat-modi®ed foods (ice cream) can so effectively mimic the original (unmodi®ed) versions such that palatability remains essentially unchanged. Reducing energy density will necessarily alter post-ingestive satietogenic cues, introducing the possibility that consumers might be less likely to prefer and therefore continue to`use' these reduced-fat foods. However, whether in fact acceptance would eventually diminish consequent to weakening the post-ingestional nutritional bene®ts has not been systematically investigated. Consumer attitudes toward engineered foods are in general dif®cult to predict and may be driven by cultural differences (Hillers & Lo Èwick, 1998) .
The objective of this present study was to explore the role of macronutrient content and energy density in sustaining food preferences vis a Á vis the relative satiating capacity of reduced-fat foods. This issue is of particular relevance in view of the number of fat-modi®ed and reduced-energy foods currently available in the marketplace. Repeated exposure is an essential condition of the testing protocol, as preference discrimination in relation to post-ingestive effects takes time to develop (Sclafani, 1990; Mattes, 1993) . If hedonic responses are linked to post-ingestional metabolic consequences, then it is reasonable to hypothesize a decrease over time of the acceptability of reducedenergy foods as the energy needs of the body fail to be met. However, as less-energy dense versions are presumably less satiating, compensation might drive an increase in consumption over time. We sought to resolve this question by recording the pattern of intake of a reduced fat/energy ice cream (in relation to an unmodi®ed version) presented as an afternoon snack under ad-libitum feeding conditions over a two-week period. We hypothesized that acceptability would not be in¯uenced by a modest (`30%) reduction in energy content.
A second important issue is whether concomitant energy intake would be affected. As repeated consumption of low-(vs normo-) energy foods leaves individuals in relative energy de®cit, it would be plausible to expect subjects to respond by increasing overall consumption outside of the laboratory. We therefore followed free-feeding intake over the 24 h period following the experimental sessions in order to assess how they accommodated the caloric manipulations following the experimental sessions.
Materials and methods

Subjects
Our subjects were 16 healthy males (mean age 25.8 AE 1.2 y) who answered our advertisement posted at a local university. Their average body mass index was 21.9 AE 0.4, which is considered normal for this population according to WHO standardization (RollandCachera et al, 1992) . All of the volunteers accepted for the study were judged to be free of dysfunctional eating habits following a preliminary interview with an experiencd dietitian. The subjects were told that the purpose of the experiment was to study snacking behavior under laboratory conditions. They were aware that ice cream would be served but were not informed that the ice cream would vary in fat and energy content. This protocol involved minimal risk to the participants in accordance with the Helsinki agreement. Subjects signed a standard consent form prior to the ®rst test session and were paid for their participation.
Test foods
Three ice cream (frozen dessert) formulas, each differing in fat and total energy content, were developed expressly for this experimental protocol by Cerestar, Vilvoorde, Belgium. The three versions were designated`standard,' containing 10% fat (by weight),`medium-(6.5%) fat,' and low-(3%) fat' ( Table 1 ). The contribution of fat to total energy in the standard ice cream was 38.3%; in the medium-and low-fat versions, respectively, 32.6% and 17.8% of total energy was derived from fat. The fat substitute in the reduced-fat versions was a potato-based maltodextrin. Each of the three types of ice cream were prepared in two¯avors, vanilla and strawberry.
Prior to the start of the experiment, potential subjects participated in a sensory evaluation procedure designed to assess the palatability of the two¯avors. Subjects were presented 12 samples of the standard (10% fat) ice cream in both¯avors and instructed to taste each sample and rate its palatability on a nine-point category scale (1 `extremely bad'; 9 `extremely good'). This procedure was repeated for the 6.5% and 3% fat ice creams. Subjects who rated the overall palatability of both ice creams (at each fat level) toward the median (so as to allow for increases or decreases in acceptance following exposure to the modi®ed version) and within two points of each other were accepted into the protocol. The aggregate mean palatability scores (vanilla, 5.5 AE 0.3; strawberry 5.0 AE 0.8) were not signi®cantly different. While palatability and preference are not presumed to be interchangeable (palatability being one factor that may contribute to preference), these scores were interpreted as indicating that the subjects did not have a preference for one¯avor over another at the start of the protocol.
Study protocol
Each subject participated in 13 half-hour sessions which took place in a quiet room during the late afternoon between 15.30 h and 17.30 h, Monday through Friday. Effects of decreasing energy density on acceptance and intake SE Specter et al
The subjects were served one of the ice creams as a snack in a one liter (600 g) container and were instructed to eat as much or as little as they wanted, that is, until they felt full. Drinking was not allowed. The test sessions lasted for a minimum of 15 min but could be prolonged for as long as the subject wished. Following the test, the ice cream container was weighed and the amount ingested recorded.
The 16 subjects were randomly assigned to one of two groups (n 8). One group received standard vanilla and low-fat strawberry ice cream on alternate days. The presentations were counter-balanced such that the second group received standard strawberry and low-fat vanilla on alternate days; that is, the¯avor associations were reversed. Sessions 1±10 were designed to serve as a learning phase: alternating standard with low-fat ice cream, each with a speci®c¯avor, allowed subjects the opportunity to associate the ice cream at each energy density with a speci®c¯avor. The objective was to see if avor preference would become linked to satiating capacity, which in turn is a function of energy density. During sessions 11 and 12, subjects were offered the 6.5% fat version of both the vanilla and strawberry ice creams; the objective was to determine whether a¯avor preference (as indexed by relative intakes) had been acquired. Discriminative intake would presumably be based on the subjects' repeated experience with an energy density linked to a particular sensory stimulus (vanilla vs strawberry). Medium-fat content testants were used at this`choice' stage in order to de-emphasize the relative satiating effects of the low-vs normo-energy versions, as per previous work by Booth et al (1976) . During the ®nal session, subjects were asked to state their preferred¯avor. Then, regardless of their choice, both¯avors of the standard ice cream were made available simultaneously and subsequent consumption measured.
Each participant was instructed to record everything he ate or drank over the 24 h following each laboratory session until the next session. Diet records were reviewed and discussed with each subject daily by the dietitian in order to ensure that they were accurate and comprehensive. Energy and macronutrient intakes were estimated using French food composition tables (Feinberg et al, 1991) .
Data analysis
Means AE s.e.m. are given in the text and ®gures, unless otherwise noted. Changes in energy, fat, carbohydrate, and protein intakes over the two-week learning phase were determined by repeated measures analysis of variance using SuperANOVA (Abacus Concepts, Inc. Berkeley, CA). The independent variables were the fat content of the frozen desserts and time. Preplanned post-hoc comparisons were made using Student's t-test, with the level of statistical signi®cance set at P 0.05.
Results
Preliminary analysis revealed no signi®cant effect of ice cream¯avor on the weight, energy content, or individual macronutrient levels of the measured intakes (standard vanilla vs standard strawberry: F(1, 14) 0.05, P 0.83; low-fat vanilla vs low-fat strawberry: F(1, 14) 0.0007, P 0.98), so data for standard vanilla plus standard strawberry or low-fat vanilla plus low-fat strawberry were pooled in subsequent statistical analyses. Ice cream intakes over the 10 experimental days were treated as ®ve paired trials (see Figures 1±3) . There was no difference between the intakes (in grams) of the standard vs the low-fat versions on any of the successive pairs of days (F(4, 56) 1.1 NS) (Figure 1) , and no day*quantity interaction (F(4, 56) 0.96 NS). There was also no signi®cant difference (F(1, 14) 0.4 NS) in cumulative intakes of standard vs low-fat ice creams over the 10 d learning phase (standard 195 AE 30 g vs low-fat 189 AE 26 g).
Signi®cant differences in energy intake over the 10 d experimental period (paired days) between subjects served the standard vs the low-fat ice creams was observed (F(1, 14) 18.8, P 0.0007) (Figure 2 ). Mean daily intake was 1740 AE 268 kJ (416 AE 64 kcal) for the standard and 1160 AE 163 kJ (277 AE 39 kcal) for the low-fat ice cream. The difference, 581 kJ (139 kcal) per day, corresponded to a lower fat intake (by approximately 15 g per day) for subjects receiving the low-fat ice cream.
The 24 h daily intake of energy (including the ice cream test meal) for successive day pairs is shown in Figure 3 . Mean intakes for the 24 h period following the laboratory visits were not signi®cantly different (F(1, 14) 2.5, Figure 1 Food intake in grams (meanAE s.e.m.) of standard (10% fat) vs low-(3%) fat ice cream on experimental days 1 through 10. Ice cream intakes over the 10 experimental days are represented as ®ve paired trials.
Effects of decreasing energy density on acceptance and intake Dr SE Specter et al P 0.1), regardless of the type of ice cream consumed. Averages of 12,300 AE 686 kJ (2940 AE 164 kcal) after standard ice cream and 11438 AE 494 kJ (2733 AE 118 kcal) after low-fat ice cream give a differential of 862 kJ (207 kcal). There was no for signi®cant day*energy interaction (F(4, 56) 1.6, P 0.17). Summing snack (ice cream) and 24 h intakes together, subjects' mean daily energy intakes for the low-fat (vs standard) days was lower by 1448 kJ (346 kcal), but this differential was not signi®cant.
Twenty-four hour macronutrient intakes, grouped in two pairs over 10 consecutive days, are shown in Figures 4a±c. There were no signi®cant differences in grams intake of protein (F(1, 14) 0.76 NS), carbohydrate (F(1, 14) 0.7 NS) or fat (F(1, 14) 3.7, P 0.07) for any of the day pairs, and no signi®cant day*fat content interactions for protein, CHO, or fat (F(4, 56) 1.2, 1.3, 1.6, respectively). There were likewise no signi®cant differences when cumulative macronutrient intakes were compared ( Figure  5 ) over the entire 10 d experimental period.
On days 11 and 12 when both vanilla and strawberry ice cream were served in their medium-energy form, subjects in both groups consumed the same quantity, regardless of avor (F(1, 14) 0.004). During the 24 h following the trials on 11 and 12, there was no difference in energy (F(1, 14) 2.59 NS) or macronutrient (protein: F(1, 14) 0.30 NS; fat: F(1, 14) 2.98 NS; CHO: F(1, 14) 0.5 NS) for intakes between groups when the fat content±¯avor associations were reversed.
When asked about their preference on day 13, six out of eight subjects in the group consuming standard vanilla and low-fat strawberry, and ®ve out of eight subjects in the group alternating low-fat vanilla with standard strawberry said that vanilla was their preferred¯avor. However, there was no difference between intake of Figure 3 Summed intake in kJ (mean AE s.e.m.) for the 24 h period followng the experimental trials on days 1 through 10 where either standard (10% fat) or low-(3%) fat ice cream was available (intakes represented as ®ve paired trials). The portion of the daily intake accounted for by the afternoon snack (represented in bold) was always signi®cantly different on days where standard (bars shaded gray) vs low-fat (unshaded bars) ice cream was presented. These differences did not carry over to the 24 h intakes. Figure 2 Energy intake in kJ (meanAE s.e.m.) of standard (10% fat) vs low-(3%) fat ice cream on days 1 through 10 (intakes represented as ®ve paired trials). * P 0.05; ** P 0.01; *** P 0.005.
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Discussion
As reduced-fat, reduced-calorie foods are experienced in the context of energy restriction, one currently popular hypothesis is that consumption would languish when the postingestive bene®t or satiating capacity is diminished with repeated exposure, since the original¯avor±kcal associations would no longer be reinforced. That is, acceptance would not be maintained in the absence of the nutritive effects (partially) responsible for conditioning the response in the ®rst place. Food acceptability, for the present purpose, is viewed as an outward indicator of preference or liking, as indexed by measured intake in a known subject population under de®ned experimental conditions.
The principal ®nding in the present study is that acceptability of the low-fat version was not diminished; subjects did not end up preferring the¯avor associated with the more energetically-dense ice cream. They did, in fact, not appear to recognize the 28% drop in energy content, despite repeated exposure. Intake over the 24 h period following the test sessions likewise did not vary according to the energy density of the test meals. No consistent response pattern emerged over the course of the 10 d feeding trials; for example, there was no evidence of systematic compensation during snack time or over the next 24 h, with subjects gradually perceiving the reduced-energy snacks to be less satiating. Therefore our data does not support the view that acceptance of fat-reduced foods declines in the short-term, at least at the level of caloric reduction carried out in the present experiment.
Food/¯avor preferences shaped via a learned association between sensory properties and energy density have been Effects of decreasing energy density on acceptance and intake Dr SE Specter et al observed in laboratory animals (Mehiel & Bolles, 1988; Sclafani & Nissenbaum, 1989; Elizalde & Sclafani, 1990) and humans (Booth et al, 1976; Johnson et al, 1991) . Such preferences may be reinforced by the post-ingestive consequences of the conditioned stimulus (Booth et al, 1982; Elizalde & Sclafani, 1990; Kern et al, 1993) . For example, rats given a choice between two differently-¯avored diets presumed equally palatable, but varying in caloric density, eventually develop a preference for the¯avor associated with the more energy-dense diet (Elizalde & Sclafani, 1990 ). This choice is independent of any unconditioned hedonic response (unlearned¯avor preference) (Mehiel & Bolles, 1988) and can be established even in the absence of oral sensory cues (Sclafani, 1990) .
Preferences for speci®c foods can form based on their sensory characteristics or energy density, among other factors. How a speci®c preference may decay is less clear. Certainly when taste markedly deteriorates, an established preference would be expected to deteriorate. Deterioration of¯avor or textural attributes serious enough to produce nausea is the basis of (classically) conditioned taste aversions (Mackintosh, 1974) . But recognizing that`liking' declines in the absence of positive sensory reinforcement (when, for example, sugar or fat are removed from familiar foods and no effort is made to maintain the original palatability) does not inform us as to whether preference would likewise decay when the energy density of familiar foods is manipulated such that their satiating capacity is diminished. The relationship between dietary fat and taste preference is understood only insofar as we know a preference tends to develop and acceptance increase as fat content rises (Drewnowski & Greenwood, 1983) , within certain limits.
We did not observe a¯avor preference linked to the fat level of the test foods. At the end of the experiment, the majority of the subjects preferred the vanilla versions, independent of caloric density. It is not clear why intakes were not signi®cantly different for vanilla and strawberry ice cream on test day 13. The lack of correspondence between reported preference and subsequent intake is puzzling.
Subjects consumed approximately 15 g of fat and 584 kJ (139 kcal) of energy less on days when the low-fat ice cream was available. They did not compensate by increasing intake over the next 24 h. Mean food intake was in fact lower by 945 kJ (210 kcal) (F(1, 14) 2.53; P`0.13) and fat intake lower by 17.7 g (F(1, 14) 3.68; P`0.07) following these test sessions. Although these trends did not reach statistical signi®cance, the drop in fat intake following the low-fat snack was surprising. However, the decreases may represent nothing more than a normal¯uctuation in eating behavior.
Several other groups studying the precision of caloric regulation in humans have shown limited or no compensation for low-fat foods given at a single meal (Cotton et al, 1996) or as part of a dietary regimen for an extended period of time (Lissner et al, 1987; Kendall et al, 1991) . Lissner et al (1987) reported that healthy women with no history of dysfunctional eating behavior evinced an 11.3% de®cit in energy intake following two weeks on a low-(15±20%) fat diet, relative to a medium-(30±35%) fat diet. Even when the duration of the dietary trials was increased to 11 weeks, similar subjects on the low-fat diet consumed 250 kcal less per day, ultimately compensating for only 35% of the missing dietary energy (Kendall et al, 1991) . In both studies, weekly food intake (in grams) was commensurate among treatment groups. This is consistent with the present study and other recent work from our laboratory (Specter et al, submitted) where we found weighed intakes to be highly stable when the energy content of test foods was covertly reduced by 10%. Healthy individuals may be inclined to regulate intake based on quantity rather than energy value when the caloric manipulations are not extreme, at least in the short term.
We expected the lower energy ice cream to have a weaker effect on satiety and thus be less satisfying, yet the subjects consumed equal amounts of the 10% and 3% fat versions. Examination of 24 h food intake records indicated that subjects consistently ate lunch during the noon hour and did not snack in the early afternoon period preceding their daily visit to our laboratory. As satiety is dependent in part on the nutritional state of the organism, subjects might have been more responsive to the difference in energy contents of the ice creams at snack time had they been relatively more energy-depleted. Evidence for state-dependent¯avor preference acquisition (Booth, 1985; Booth & Toase, 1986; Fedorchak & Bolles, 1987) suggests that the reinforcing value of the food's energy value to establish a Figure 5 Cumulative macronutrient intakes (meanAE s.e.m.) over the entire 10 d experimental period for days when either standard (10% fat) or low-(3%) fat ice cream was available.
Effects of decreasing energy density on acceptance and intake SE Specter et al preference gains added saliency when an animal is in a state of relative caloric depletion. Kern et al (1993) reported that preference for a reduced-fat liquid test meal, vs a full-fat/normo-energy version, was considerably weaker in subjects who fasted for approximately 12 h preceding the conditioning trials. It is unlikely that a requirement of this sort would have been met with much enthusiasm by our subjects and would have been counter to our objective to approximate naturalistic conditions. Time is another critical element that must be considered in evaluating the success of¯avor conditioning trials. Preferences for sensory qualities are acquired or enhanced via a temporal link with reinforcing physiological or psychological outcomes, which takes time to develop (Mela, 1995) . Food-deprived rats will initially consume comparable amounts of nutritive (corn oil-based) and nonnutritive (mineral oil) emulsions. Over several tests sessions, however, they develop a strong preference for the nutritive emulsion, suggesting that there is a delay in differentiating between the varying post-ingestive effects (Sclafani, 1990) . Louis-Sylvestre et al (1987) reported that a group of adolescents receiving a snack of energy-reduced (7752 kJ (180 kcal)) strawberry mousse consumed the same quantity of food one hour later as a control group receiving an unmodi®ed version of the same snack. However, after ingesting the modi®ed version for ®ve consecutive days, precise caloric adjustment was observed; compensation was linked to repeated experience and associating reduced satiety with a decrease in energy density appeared to require a period of conditioning.
What is the probable impact of reduced-fat foods outside of the laboratory? As preferences often evolve as a result of experience and exposure, some workers have speculated that repeated intake of highly-palatable foods prepared with fat substitutes might (paradoxically) habituate a preference for high-fat foods (Mattes, 1993) . Others have claimed that a taste preference for low-fat foods is likely to develop upon repeated exposure (American Dietetic Association, 1992) . One mechanism proposed in support of the former hypothesis is that fat substitutes might encourage hedonic shifts regarding preference for the fat content in foods. That is, individuals continually eating reduced-energy foods with the sensory properties of fat may experience an increase in their`satisfaction threshold,' as demonstrated for salt in response to a high sodium diet (Bertino et al, 1982) . The net effect would be to augment the preference for high-fat foods.
Conclusions
The present results do not support the notion that reducing the energy density will diminish preference or liking for a food and lead to its rejection. It may be that to observe deterioration in acceptance, what might be creatively called conditioning a negative preference, would have required a longer conditioning period, a greater difference in fat and energy value between the test foods, or a subject population that commenced the trials in a more responsive state. The hazard in manipulating the second factor is the potential to undermine palatability, which is why a modest reduction was made in the present experiment. Since dietary fat calories not consumed when the low-fat snack was offered were not made up over the next 24 h, it may be that reducing the fat content of commercial foods might be useful in helping some individuals to improve the composition of the diet. The ®nding that our subjects did not end up preferring the more energy-dense ice cream suggests that individuals following a weight loss regimen will not necessarily be inclined to switch to normocaloric versions when freely available. Our data do not allow us to predict how consumers might respond when the reduced fat and energy content of their foods are unconcealed, although some recent reports (Rolls et al, 1992; Miller et al, 1995) suggest that subjects tend to eat more of a food when they know that the fat content has been reduced.
